Background: Production and function of natural antibodies (NAbs) constitutes an important mechanism of the humoral innate immunity in vertebrates. The level of NAbs in chicken is heritable and the genetic background has been partly investigated. However, to date the genetic determination of humoral innate immune response in avian species has not been fully described. The goal of this study was to propose a new set of candidate genes with a potential effect on the NAb phenotype for further SNP association study.
Background
Humoral innate immunity in vertebrates that establishes the first barrier against pathogens consists of two basic mechanisms -natural antibodies (NAbs) and complement system. Expanding the knowledge on this field of avian immunology might be of help to overcome the difficulties in poultry industry, struggling constantly with diseases outbreaks eg. Avian Influenza [1] . In chicken, the level of NAbs proved to be heritable [2] . However, the genetic determination of NAbs is not fully described as it lacks information on which genes can be considered as the regulators in the complicated network of NAbs creation and function. This study contributes to the discovery of genetic determination of humoral innate immunity as it lists the proposed positional and functional candidate genes that have the putative impact on the NAb phenotype.
Methods
Chromosomal regions for in silico candidate gene analysis were initially selected based on the location of the QTL associated with the NAb titres directed against LPS (lipopolysaccharide), LTA (lipoteichoic acid) and KLH (keyhole limpet hemocyanine) antigens in chicken. This step was performed based on results from two independent studies, i.e.
• Study 1 -LPS and LTA NAb QTL detection study [3] ;
• Study 2 -LPS and LTA NAb QTL validation study; KLH NAb detection study (data not published).
Study 2 was carried out within a new chicken reference population, set-up as a F 2 cross between commercially selected breed (WL, White Leghorn) and a Polish, unselected native chicken breed (GP, Greenlegged Partridgelike). For a candidate gene analysis reported here, the chromosomal regions of interest included QTL associated with LPS and LTA NAb titres that had been detected in study 1 and consecutively validated in study 2 as well as QTL associated with KLH NAb titres that had been detected in study 2. These QTL were located in the following chicken chromosomes: GGA5, GGA6, GGA9, GGA14, GGA18 and GGAZ. The regions of interest were designated based on the physical location of the microsatellite markers flanking the QTLs. The list of candidate genes within the QTL regions was prepared based on NCBI database [4] , and gene function was assessed with KEGG [5] , InnateDB [6] and Gene Ontology [7] . The genes meeting both the criteria, i.e. location within the QTL regions & function in innate immunity (including signalling pathways and B cell function) were listed in a panel of the candidate genes associated with humoral innate immune response.
Results
The results of the candidate gene analysis are presented in Table 1 . Briefly, based on previously described criteria, the total number of 38 candidate genes located on six chromosomes was selected. The highest number of the candidate genes (13 genes) was located on GGA14; 9 genes were found on GGA5 and 8 -on GGA6. Lower number of candidate genes were found on GGAZ (5 genes), on GGA18 (2 genes) and on the GGA9 (1 gene). It can be summarized that these candidate genes encode proteins predicted to play a role in:
(i) Proliferation, differentiation and function of B lymphocytes, e.g. CXCL12, BLNK, IL21R, RBP4, CD59, TNFRSF13B;
(ii) TLR signalling pathway, e.g. TRAF6, FADD, NFBIA, CARD11, FAS, FGF8, TGFB, IL31RA;
(iii) MAP signalling cascade, e.g. MAP2K3, MAP2K4, MAP3K1, MAP3K13, MAPK8IP3.
Discussion
Immune response is a complicated process; encoded by multiple genes organized within the frames of functional networks rather than pathways and regulated by many interactions. However, prior to modelling the most probable genetic network, the information is needed on the genes that can be taken into account and their physiological function.
As mentioned above, the function of the proposed set of candidate genes was associated with three groups of cellular and physiological processes that can hypothetically affect innate humoral immune response in chicken. Briefly, production of antibodies, including NAbs takes place in B cells, stimulated by Th2 cytokines. Therefore, both B and T cells function is a crucial element in antibody release. CXCL12 gene is responsible for B cells proliferation [8] . CXCL12 -/-knockout mice produced drastically reduced number of B cells and died during the perinatal period [9] . In turn, BLNK gene affects B cell development, which was completely inhibited in BLNK -/-knockout mouse [10] . Finally, IL21R and RBP4 genes are responsible for maintenance of mature B cells function. Knocked out mice (both IL21R -/-and RBP4 -/-) expressed impaired production of antibodies [11, 12] . TLR signalling pathway is triggered when molecular patterns (such as LPS or LTA) are recognized. Some of the proposed candidate genes are involved in TLR pathway, just to mention TRAF6 and FADD, as well as genes affecting NFB expression and function, such as NFBIA, CARD11, TNFRSF13B and FAS [13] [14] [15] . Furthermore, the analysis in silico pointed out a number of genes that activate MAPK cascade, a key signalling pathway initiated by TLR, for example FGF8, TGFB3 and IL31RA [14] . Additionally, the candidate gene set includes such genes as MAP2K3, MAPK8IP3, MAP3K13, MAP2K4 and MAP3K1, which are the members of MAPK signal transduction pathway [15] .
Conclusions
Chicken immune response is one of the major areas recently studied in life science research related to livestock. So far, different approaches have been applied to dissect the genetic bases of avian health traits. Rapid development of technology supporting high-throughput genomic studies provided an excellent tool for fast and efficient genotyping. Still, the accurate gene selection can pose a problem. Therefore, the additional criteria, like validated QTL regions may be of assistance to list the proper genes that can be further on evaluated and 
